Abstract
Introduction
The goal of this study is to determine which behavioral symptoms are associated with increased caregiver burden in frontotemporal degeneration (FTD) and corticobasal syndrome (CBS). Caregiver burden is the 'multidimensional response to physical, psychological, emotional, social and financial stressors associated with the caregiver experience' [1] . Behav-
Behavioral Assessments
Frontal Systems Behavior Scale. The FrSBe is a 46-item questionnaire that evaluates neurobehavioral systems among those with frontal lobe damage [10, 12, 13, 21, 22] . The FrSBe is a scale that can discriminate between individuals with and without frontal lobe dysfunction [10, 12, 21, 22] . A T-score between 60 and 64 signifies that the patient has borderline frontal lobe dysfunction. A T-score greater than or equal to 65 indicates that the patient has frontal lobe dysfunction [13] . The scale includes three subscales: apathy (14 items), disinhibition (15 items) and executive dysfunction (17 items). Apathy scores can predict performance on activities of daily living [8, 12, [21] [22] [23] . Higher scores in disinhibition and executive dysfunction have been associated with caregiver burden in patients with different types of dementia such as FTD and AD [12, 16, 21, 23, 24] . Also, the subscale for disinhibition contains items that evaluate behaviors commonly observed in FTD such as impulsivity, labile emotionality and childlike behavior [21, 22] . For the subscales of apathy, disinhibition and executive dysfunction, a T-score cutoff score of 65 was used [23] .
Zarit Burden Interview. The ZBI is a 22-item scale to assess the caregiver's physical, emotional, social and financial aspects in relation to caring for the elderly or disabled persons [12, 17, [25] [26] [27] . The ZBI rates each aspect in the following manner: each item is rated from 0 (never) to 4 (nearly always), and total scores range from 0 to 88 [12, 17, 25] . A total score below 20 indicates little or no burden. A total score between 21 and 40 indicates mild-to-moderate burden. A score between 41 and 60 indicates moderate-to-severe burden, and a score between 61 and 88 indicates severe burden [17, 25] . Also, a cutoff score of 24 indicates caregivers who may require intervention due to being at risk for high levels of stress and depression [7, 28] .
Statistical Analysis
Analysis was done using SPSS software version 20.0 (SPSS, Chicago, Ill., USA) [29] . A multivariate logistic regression model was calculated using the total score from the ZBI, which will be referred to as caregiver burden, as the main outcome variable as well as the overall T-score for present state from the FrSBe as the main predictor variable, relationship to patient and diagnosis. The presence of caregiver burden was defined as being above the cutoff score of 24, and the presence of frontal lobe dysfunction was defined as being greater than or equal to a T-score of 65 [7, 13, 28] .
Other independent predictors were T-scores from the apathy and disinhibition subscales of the FrSBe. These were examined separately from the overall T-score. The presence of apathy and disinhibition was defined as below the FrSBE cutoff T-score of 65. To measure the crude associations, a one-sample t test using the mean caregiver burden was assessed for the following groups: (1) caregivers of those with apathy and disinhibition, (2) caregivers of those with apathy only, (3) caregivers of those with disinhibition only and (4) caregivers of those without either apathy or disinhibition. A between-group two-sample t test was used to further examine mean caregiver burden stratified by type of diagnosis.
Diagnosis of FTD or CBS and relationship of caregiver to patient were considered as potential confounders of the association. The T-scores used from the FrSBe were already adjusted for gender, level of education and age.
Results

Diagnoses and Caregiver Burden
Out of 102 patients, 41 (40%) were diagnosed with CBS and 61 (60%) with FTD ( table 1 ) . Of the 61 patients diagnosed with FTD, patients were diagnosed with one of the three different subtypes; 52 (85%) were diagnosed with frontal variant, 8 (13%) with primary progressive aphasia and 1 (2%) with semantic dementia ( table 1 ). Since there were not enough patients in each subtype and because they can have overlapping symptoms, the analysis did not consider FTD subtype and only used patients with overall diagnoses of FTD and CBS. The information regarding caregiver burden is given in table 1 . The mean total score from ZBI was 34.4 (±14.1). The total score for caregivers of CBS patients ranged from 2 to 57, with a mean score of 26.1 (±11.3). The total score for caregivers of FTD patients ranged from 13 to 77, with a mean score of 39.9 (±13.2).
Frontal Lobe Dysfunction
The mean overall T-score for frontal lobe dysfunction was 128.6 (±37.9), 100 (±28.1) for CBS patients and 147 (±31.1) for FTD patients. A logistic regression on caregiver burden by a variable marking the cutoff between frontal lobe dysfunction and no frontal lobe dysfunction was performed on the overall sample ( table 2 ). Caregivers of patients with frontal lobe dysfunction had 13.0 times the odds of having caregiver burden than caregivers of patients without frontal lobe dysfunction (95% CI: 4.0, 42.3). When controlling for type of diagnosis, caregivers of patients with frontal lobe dysfunction had 8.2 times the odds of having caregiver burden than caregivers of patients without frontal lobe dysfunction (95% CI: 2.4, 28.8). When controlling for relationship to patient, the caregivers of patients with frontal lobe dysfunction had 16.4 times the odds of having caregiver burden (95% CI: 4.7, 57.3). After adjusting the model for relationship to patient and type of diagnosis, caregivers of patients with frontal lobe dysfunction had 10 times the odds of having caregiver burden (95% CI: 2.7, 36.9). All reported odds ratios (ORs) were statistically significant ( table 2 ). 
Apathy and Disinhibition
Logistic regression was used to evaluate the association between apathy and caregiver burden as well as the association between disinhibition and caregiver burden. Apathy was measured as the T-score after disease onset for the apathy subscale from the FrSBe ( table 2 ) . Caregivers of patients with apathy had 12.4 times the odds of having caregiver burden than caregivers of patients without apathy (95% CI: 4.0, 38.1). Disinhibition was measured by the T-score after disease onset for the disinhibition subscale from the FrSBe ( table 2 ) . Caregivers of patients with disinhibition had 11.3 times the odds of having caregiver burden than caregivers of patients without disinhibition (95% CI: 3.8, 33.8).
Since the apathy and disinhibition subscales help formulate the overall score, a model with these three predictors was not formed. Instead, an interaction between apathy and disinhibition was used to see if these two predictors depended on effects of each other. Interaction between apathy and disinhibition was evaluated by using logistic regression. The addition of the interaction between apathy and disinhibition to the model consisting of caregiver burden as the outcome of interest and apathy and disinhibition as predictors of interest was not statistically significant (p = 0.9603). The interaction term was not included in the model.
Overall, 57 patients met the cutoff scores for both apathy and disinhibition, 25 met the cutoff score only for apathy, 2 met the cutoff score only for disinhibition, and 18 patients did not meet the cutoff score for either apathy or disinhibition ( table 3 ). The 2 patients with disinhibition only were excluded from the analysis, since this sample would have been considered underpowered ( table 3 ) . Additionally, this finding implies that disinhibition can only very rarely be present without apathy.
Since the models were statistically significant after adjusting for type of diagnosis and relationship to caregiver, a two-sample t test was done to assess the differences between FTD and CBS patients in terms of apathy and disinhibition. When the overall sample was divided by disease status, apathy and disinhibition seemed to be more present in the FTD patient group than in the CBS group. There were 46 FTD patients and 11 CBS patients with apathy and disinhibition, 13 CBS patients and 12 FTD patients with apathy only and 15 CBS patients and 3 FTD patients without apathy and disinhibition. The 2 patients with disinhibition only were diagnosed with CBS. There were no FTD patients with only disinhibition. 
Executive Dysfunction
The majority had a T-score greater than 65 for the subscale of executive dysfunction during the date of the visit to the NIH. This meant that executive dysfunction was absent in the overall sample as a covariate. The sample was homogeneous in this regard.
Caregiver Burden as a Binary Outcome Variable and Subscales
Logistic regression was used to evaluate type of diagnosis in the association between apathy and caregiver burden as well as the association between disinhibition and caregiver burden ( table 2 ) . Caregivers of patients with apathy had 6.8 times the odds of having caregiver burden than caregivers of patients without apathy, adjusting for diagnosis of either FTD or CBS (95% CI: 2.0, 23.0). Caregivers of patients with disinhibition had 7.2 times the odds of having caregiver burden than caregivers of patients without disinhibition, adjusting for diagnosis (95% CI: 2.3, 22.9).
Relationship to patient was considered as a potential confounder, since it could be affected by frontal lobe dysfunction, the main predictor of interest, and caregiver burden, the outcome of interest ( table 2 ). The same holds true for the association between disinhibition and caregiver burden (OR = 15.0; 95% CI: 4.3, 52.2) as well as the association between apathy and caregiver burden (OR = 12.9; 95% CI: 4.0, 41.5). All models were still statistically significant after adjusting for type of diagnosis and caregiver's relationship to patient ( table 2 ) .
To assess which type of behavioral symptom contributed the most to caregiver burden, the T-scores for current state of apathy and disinhibition were used. One-sample t tests for mean total ZBI score compared patients with apathy and disinhibition, apathy only, and no apathy and disinhibition ( table 3 ) . For those with apathy and disinhibition, the mean ZBI total score was 39.3 (95% CI: 36.0, 42.7). For those with only apathy, the mean ZBI total score was 34.0 (95% CI: 28.3, 39.6), and for those without apathy and disinhibition, the mean ZBI total score was 20.1 (95% CI: 15.1, 25.0). The greatest mean ZBI total score was related to patients exhibiting apathy and disinhibition. The least mean ZBI total score was related to patients without apathy and disinhibition ( table 3 ) .
A two-sample t test for total ZBI score compared FTD patients with CBS patients in terms of apathy and disinhibition, apathy only, and no apathy and disinhibition ( table 3 ) . There was more than a 4-fold difference in the number of FTD patients compared to CBS patients in terms of having apathy and disinhibition. The mean ZBI total score for FTD patients who expressed both apathy and disinhibition was 41.0 (95% CI: 37.3, 44.7), whereas the mean ZBI total score for CBS patients was 32.4 (95% CI: 25.7, 39.0). For apathy only, the mean ZBI total score for FTD patients was 39.4 (95% CI: 30.5, 48.3) compared to that of CBS patients (29; 95% CI: 21.9, 36.1). There were roughly equal numbers of FTD and CBS patients who expressed only apathy. There was a 5-fold difference in the number of FTD patients compared to CBS patients in terms of no expression of apathy or disinhibition. This group of patients also had the lowest mean scores. In each group, the caregivers of FTD patients reported higher scores of burden compared to the caregivers of CBS patients. The mean ZBI scores increased when apathy was noted in the patients.
Discussion and Conclusions
To the authors' knowledge, this is the first study to utilize a measure of behavioral symptoms associated with frontal lobe dysfunction and the ZBI for caregiver burden in these patient populations. The measures used in this study were reliable, valid measures that have been used in studies evaluating other neurodegenerative disorders, especially AD [10, 13, 21, 22, 30] . In general, the Family Rating Form of the FrSBe is recommended for use in dementia patients, since anosognosia, abulia and amnesia can reduce the accuracy of the self-report form of the FrSBe [21, 22] . However, a limitation of the FrSBe is that it is narrow in scope. Compulsions, hyperphagia and insensitivity are not measured in the FrSBe, whereas these symptoms are measured in the NPI.
There was a statistically significant association between the total FrSBe score and caregiver burden after adjusting for diagnosis and relationship to patient. To further elucidate what the components of frontal lobe dysfunction were, FrSBE subscales of apathy and disinhibition were analyzed. Patients with both apathy and disinhibition had the highest mean total ZBI score. In addition, those with apathy and disinhibition were mostly likely to be diagnosed with FTD. This is consistent with prior studies which show FTD patients generally exhibit more apathy and disinhibition than CBS patients [10, 12, 13, 21] . Those without apathy and disinhibition were more likely to be diagnosed with CBS in the study sample. Apathy seemed to be the main contributor to caregiver burden, as reported in table 3 .
An unexpected result was that apathy and disinhibition can co-occur, and apathy can occur without disinhibition, but isolated disinhibition without apathy is very rare in FTD and CBS. This argues against the idea that apathy and disinhibition are opposing, and mutually exclusive, ends of a spectrum of behavioral symptoms associated with frontal lobe dysfunction. Rather, this finding suggests that apathy is a very common symptom associated with frontal lobe dysfunction which is in many cases accompanied by disinhibition.
The overall findings from this study agree with the literature that frontal lobe dysfunction is associated with caregiver burden. Caregivers of patients with FTD are more likely to experience caregiver burden than caregivers of patients with CBS. When using the subscales of the FrSBe to evaluate caregiver burden, both apathy and disinhibition led to caregiver burden. Caregivers of FTD patients who expressed apathy and disinhibition were more likely to have distress than caregivers of CBS patients. This is a congruent finding, since apathy and disinhibition are common problems in FTD [9, 21, 31] .
Caregivers, especially spouses, expressed negative feelings about the future and the incapability of coping. They may vent their frustrations and anger on supportive relationships, thus increasing their isolation and negativity [31, 32] . Psychotherapeutic interventions such as support groups and group therapy may reduce caregiver burden. Evidence is pending for the role of support groups and group therapy for dementia caregivers, but these interventions have been shown to reduce distress in patients with medical illnesses such as cancer [33] . The younger age of FTD caregivers compared to AD caregivers raises special issues that should be investigated, including the burden of raising young children while caring for a parent with FTD. More interventions designed to reduce caregiver distress are also needed [26, 32] .
